Background. Echocardiography provides a noninvasive means of assessing left ventricular (LV) structure and evidence of LV wall remodeling in hypertensive persons. The relation of demographic, biological, and other factors with LV structure can be assessed.
echocardiography has been shown to be an independent risk factor for both nonfatal and fatal coronary heart disease events and all-cause mortality.1-7 Baseline echocardiographic data from randomized participants in the Treatment of Mild Hypertension Study (TOMHS) provide the opportunity to assess LV structure and the prevalence of LV hypertrophy in men and women with mild hypertension who are without clinically apparent heart disease, including virtual absence of LV hypertrophy by ECG. The relation between demographic (age, sex, race) and other factors (systolic blood pressure [SBP] , obesity, urinary sodium excretion, physical activity, alcohol intake, smoking status, and previous use of antihypertensive medications) and LV structure can also be assessed. We report findings from 844 participants with technically satisfactory echocardiographic tracings at entry into TOMHS. Methods
Study Population
The TOMHS study is a randomized, double-blind clinical trial of mildly hypertensive subjects being con-ducted in four clinical centers. The study compares five classes of antihypertensive agents with placebo, each given in conjunction with nutritional and hygienic intervention aimed at weight loss with a fat-modified diet, lowering of both dietary sodium and alcohol intake, and increasing leisure-time physical activity. A total of 902 participants were randomized after three eligibility visits between October 1986 and March 1988. Informed consent was obtained from each participant, and each institutional committee on human subjects approved the study protocol.
Participants not on antihypertensive medication at the first screening visit (stratum I) were blood pressure eligible if they had a diastolic blood pressure (DBP) between 90 and 99 mm Hg at both the first and second screening visits and had an average DBP of 90-99 mm Hg over the three eligibility visits. After consent from the participant and referring physician, participants taking a single class of antihypertensive medication at the first visit (stratum II) were withdrawn from medication and were eligible by blood pressure criteria if they had a DBP of 85-99 mm Hg at a special reassessment visit and at the second screening visit and had an average DBP of 85-99 mm Hg while off medication over three visits. Participants taking more than one class of antihypertensive medication were excluded from the study. Of participants eventually randomized, 61% were on antihypertensive medication at entry. Average blood pressure for the randomized participants was 140/91 mm Hg (141/92, stratum I; 140/90, stratum II) using the mean of two measurements made at each of the second and third visits. Cardiac assessment at the second screening visit included M-mode echocardiography and ECG. Upon physician review of the ECG, participants with a history of cardiovascular disease or with significant ECG abnormalities (major atrioventricular conduction defects, complete bundle branch blocks, arrhythmias requiring therapy, evidence of myocardial infarction, or LV hypertrophy), using Minnesota code criteria,8 were excluded from the study. A technically satisfactory echocardiogram for assessing LV wall thickness and dimension was required for inclusion in the study.
Other relevant exclusions were: >50% of meals eaten away from home, alcoholic drinks >28 per week, and body weight less than ideal weight or >150% ideal weight. Ideal weight was defined as 0.9 times the average weight by height for U.S. men and women 25-34 years of age, based on the Health and Nutrition Examination Survey data. 9 Of the 1,536 participants eligible after blood pressure assessment at the second screening, 137 
Echocardiographic Recording
Echocardiograms were performed according to a standard protocol by sonographers after a comprehensive training session in techniques and criteria for measurement of tracings. To help assure quality of recordings, clinical center sonographers were required to measure all tracings obtained before submission for data processing, but the measurements were not used for analysis. Echocardiograms were obtained with the participants lying in a modified left lateral decubitus position with the head angled at 300 from the horizontal.
Recordings were made at end expiration, if possible, using a Kontron Sigma 1SC sonographic recorder with a 3.5-MHz transducer. Strip chart recordings of echocardiographic data were made on a fiberoptic L585 Honeywell recorder on light-sensitive paper at 50 mnm/sec. 
Statistical Methods
Stratified analyses of variance and covariance18 were used for comparing measured and derived echocardiographic variables by sex, age, race, alcohol and cigarette use, urinary sodium excretion, physical activity, use of antihypertensive monotherapy, BMI, and SBP. The relation between LV mass and DBP was not analyzed because participants were selected from a narrow range of pressures. SBP has been also shown to be more strongly related to coronary heart disease risk than DBP.19-22 For these analyses, age, BMI, SBP, urinary sodium, and physical activity points were divided into approximate tertiles. Alcohol consumption was categorized as nondrinkers, those who drink < 1 drink per day, and those who drink > 1 drink per day. Smoking status was categorized into smokers and nonsmokers. Separate analyses were conducted for men, for women, and for all participants combined. For sex-specific analyses, mean values were calculated for each level of the considered factor (e.g., race) stratified by echocardiographic reader and clinical center to take into account reader and clinical center differences in measurements that could be related to the factor considered. For analyses of all participants, means were calculated stratified by echocardiographic reader, clinical center, and sex. The slopes presented were calculated from the corresponding multiple linear regression analysis using age, alcohol, physical activity points (in the log scale), BMI, and SBP as continuous variables. Slopes for age and SBP were multiplied by 10 to estimate an effect of 10 years and 10 mm Hg, respectively, on echocardiographic variables; the slope for BMI was multiplied by 3 to estimate an effect of 3 kg/m2, and the slope for urinary sodium excretion was multiplied by 25 to estimate an effect of 25 meq/8 hrs. These values are the approximate standard deviations for these variables. To determine the independent effects of the 10 selected factors on echocardiographic variables, multiple linear regression was performed, including all 10 factors plus the covariates mentioned above.
Multiple logistic regression23 was run to determine the factors associated with LV hypertrophy, using both g/m2 and g/m. The relative odds of LV hypertrophy were calculated by exponentiation of the regression coefficient, the coefficients multiplied by 10 for age and SBP, 3 for BMI, and 25 for urinary sodium excretion.
Results Table 1 gives some of the baseline characteristics of TOMHS participants by sex. The mean age for all participants was 55 years, average blood pressure was 140/91 mm Hg, 20% of the participants were black (32% of women, 12% of men), 11% were smokers, and 61% were on antihypertensive medication at entry. TOMHS participants were significantly overweight, with an averslightly higher in black than in nonblack subjects (2.6%
age BMI of 29 kg/M2. Table 2 gives the means and higher in women, 0.3% higher in men), a finding of standard deviations for the various echocardiographic borderline significance in the combined analyses measurements for all participants and for men and (p=0.07). women. Men had higher mean values than women for Table 4 gives comparisons for echocardiographic wall thickness, chamber dimensions, LV mass index, measurements for three age levels. Older participants and cross-sectional area (p<O.OO1). There were no had higher means for all measurements of wall thickdifferences between sexes for relative wall thickness.
ness and for LV mass index. The relations were present Table 3 gives comparisons of echocardiographic meamostly for men, with the regression slopes appreciably surements between black and nonblack participants for larger for men than women. Age was strongly related to men and women. Few differences were found between SBP, with a difference of 10 years corresponding to a black and nonblack participants for the echocardiodifference of 7 mm Hg in SBP. graphic measurements. Black subjects had slightly Comparisons in echocardiographic measurements by higher means for IVSTd and total wall thickness than BMI levels given in Table 5 indicate significant positive nonblack subjects for both men and women, but LV associations for all variables of LV structure except mass index was similar. Relative wall thickness was relative wall thickness and LV hypertrophy indexes indexed by BSA. A difference of 3 kg/m2 in BMI was associated with a difference of 10 g in LV mass and a difference of 6 g/m in LV mass index (g/m). These differences remained after adjusting for SBP, which was not itself related to BMI for either men or women in TOMHS (see bottom of Table 5 ).
Comparisons by SBP given in Table 6 indicated significant differences by blood pressure level for all values of LV structure except LVIDd. All echocardiographic variables increased with increasing SBP, with a difference of 10 mm Hg in SBP associated with a difference of 9 g in LV mass and a difference of 6 g/m in LV mass index (g/m).
Urinary sodium excretion was positively associated with LV structure (Table 7) . Men with an 8-hour overnight urinary sodium excretion of >60 meq had a 14-g/m higher LV mass index than men with sodium excretions <39 meq. The difference for women was 10 g/m. Smokers had higher mean levels of LV mass and LV mass indexes ( Table 8 ). The association was found *Slopes for men and women calculated from multiple regression with urinary sodium, clinic (three indicators), and reader (one indicator) in the model. Slopes for all participants calculated from multiple regression with urinary sodium, clinic (three indicators), reader (one indicator), and sex in the model. were similar to the univariate analysis with the exception that the relations between age and LV structure were no longer present mainly because of the adjustment for SBP, which was moderately correlated with age (r=0.33).
Using criteria for LV hypertrophy indexed by BSA (g/m2), 12 .7% of men and 19.5% of women had LV hypertrophy (Table 9) , although only 0.9% had ECGdetermined LV hypertrophy using Minnesota code criteria. Using LV hypertrophy criteria indexed by height (g/m), the percentage of men with LV hypertrophy was 24.1% and of women was 44.7%. Few studies have compared large numbers of black versus nonblack participants with mild hypertension with regard to LV structure. In TOMHS, black participants had similar levels of LV mass index despite having slightly higher IVST. This is comparable with data from some other studies of hypertension. 35, 36 Other studies have demonstrated increased LV mass indexes in black subjects compared with white subjects.37.38
These differences may have been due to differences in degrees of obesity in association with hypertension, duration of hypertension before study, or other factors. The higher rate of disproportionate septal hypertrophy in black subjects (3.5%) compared with nonblack subjects (0.6%) in TOMHS may have resulted from racial differences in balances of catecholamines and peripheral vascular resistance. 39 The The positive association between sodium intake and LV wall mass in TOMHS has been found in other studies.4748 In the latter study,48 urinary sodium excretion was the strongest predictor of LV mass. In TOMHS, urinary sodium excretion was as strong a predictor of LV mass as SBP or BMI. The modest positive association between smoking and LV mass reported here has also been found in the Framingham data.49 Possible effects of smoking on catecholamines or other neurohumoral factors may partly explain this observation.
Physical activity and alcohol intake were not associated with indexes of LV wall mass in our study. Other be reevaluated. studies have shown a positive association between physical activity and LV mass in younger patients50-51 but not in populations of similar age to those in our study. 42 Our study group had a limited range of activity, which would tend to decrease the power to demonstrate such a relation. Alcohol intake has been found to have a small but significant positive association with LV mass. 49 The limited range of alcohol intake in our study may have diminished the likelihood for demonstration of a relation between alcohol and LV mass.
Study Limitations
The TOMHS study population is a mildly hypertensive one; thus, the possible range of blood pressures that could be associated with significant LV hypertrophy was limited. As previously considered, physical activity and alcohol consumption were limited by protocol design for alcohol intake and by activity range of the participants. Investigation of hormonal factors such as plasma aldosterone and renin activity and their possible association with LV mass were beyond the scope of this study. 52 The reciprocal cause-and-effect relation of hypertension and LV hypertrophy could not be assessed by this crosssectional study design.53
Although adherence to a detailed protocol for taking and reading the echocardiograms was followed, the acquisition of studies in four different clinical centers across the country by sonographers with various levels of expertise and experience may bias the results. Analysis was stratified by clinical center and reader to reduce this possibility. Evidence that M-mode studies may not reflect global hypertrophy patterns30 must also be considered.
Summary
This study of a large population with mild hypertension demonstrates evidence for LV hypertrophy in a substantial percentage of participants that correlated positively with SBP, urinary sodium excretion, and BMI. Age, race, alcohol, previous use of antihypertensive medication, and physical activity were not independently associated with LV mass.
